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(57) ABSTRACT

A data decoding apparatus includes a first decision unit suit-
able for determining whether or not an error is present in a
read data based on a first decoding method and identifying an
error occurrence position, wherein the read data is read by a
first read voltage, a second decision unit suitable for deter-
mining a low reliability position that belongs to the error
occurrence position by checking reliability of the error occur-
rence position based on a second read voltage changed from
the first read voltage within a set range, and an error correc-
tion unit suitable for generating an error correction data by
correcting an error of the low reliability position.

18 Claims, 8 Drawing Sheets
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1
APPARATUS AND METHOD FOR DECODING
DATA

CROSS-REFERENCES TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C.
§119(a) to Korean application number 10-2013-0155545,
filed on Dec. 13, 2013, in the Korean Intellectual Property
Office, which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Technical Field

Various embodiments of the present invention relate to an
apparatus and method for decoding data, and more particu-
larly, to an apparatus and method for decoding data using a
hard decision decoding method and a soft decision decoding
method.

2. Related Art

An electronic device may perform various types of opera-
tions, and to send and receive data is one of the various types
of operations performed by the electronic device.

The transmission and reception of data may be accompa-
nied by encoding and decoding operations. Encoding means
converting data in accordance with a specific rule, and decod-
ing means restoring encoded data to the original data based on
an encoding rule.

If data stored in a memory cell is to be decoded, an error
detection/correction method for determining whether the
stored data has been accurately read or not may be used.

SUMMARY

Described herein are a data decoding apparatus and
method for reducing a bit error rate (BER) by using both hard
and soft decision decoding methods in identifying a plurality
of cells including an error in a data decoding process and
performing a correction process on an identified error.

In an embodiment of the present disclosure, a data decod-
ing apparatus according to the present disclosure includes a
first decision unit suitable for determining whether or not an
error is present in a read data based on a first decoding method
and identifying an error occurrence position, wherein the read
data is read by a first read voltage, a second decision unit
suitable for determining a low reliability position that belongs
to the error occurrence position by checking reliability of the
error occurrence position based on a second read voltage
changed from the first read voltage within a set range, and an
error correction unit suitable for generating an error correc-
tion data by correcting an error the low reliability position.

In another embodiment of the present disclosure, a data
decoding method includes determining whether or not an
error is present in a data and identifying an error occurrence
position based on a first decoding method, wherein the data is
read by a first read voltage, determining a low reliability
position that belongs to the error occurrence position by read-
ing data at the error occurrence position using a second read
voltage changed from the first read voltage, and generating an
error correction data by correcting an error of the low reli-
ability position.

In further embodiment of the present disclosure, a data
decoding apparatus includes a plurality of memory cells
arranged in rows and columns a first decision unit suitable for
checking first read data of the memory cells in each of the
rows and columns and determining error memory cells hav-
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ing an error, a second decision unit suitable for re checking
second read data of the error memory cells and determining a
low reliability memory cell of the error memory cells,
wherein the second read data is read by a different voltage
from the first read data, and an error correction unit suitable
for generating an error correction data by correcting a data of
the low reliability memory cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a data decoding apparatus
according to an embodiment of the present disclosure;

FIG. 2 is a block diagram showing a relation between an
error correction device and a memory cell array included in
the data decoding apparatus according to an embodiment of
the present disclosure;

FIG. 3 is a block diagram of the error correction device
according to an embodiment of the present disclosure;

FIG. 4 is ablock diagram of a hard decision unit according
to an embodiment of the present disclosure;

FIG. 5 is a conceptual diagram illustrating a method of
identifying an error occurrence position according to an
embodiment of the present disclosure;

FIG. 61is a diagram illustrating a method of determining, by
a soft decision unit, a low reliability position according to an
embodiment of the present disclosure;

FIG. 7 is a block diagram of a soft decision unit and a
memory cell array according to an embodiment of the present
disclosure; and

FIG. 8 is a flowchart illustrating a data decoding method
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

Hereinafter, an apparatus and method for decoding data
according to the present disclosure will be described below
with reference to the accompanying drawings through exem-
plary embodiments.

Some embodiments of the present disclosure are described
in more detail with reference to the accompanying drawings.
The same reference numerals are used to denote the same
elements throughout the drawings, and a redundant descrip-
tion of the same elements is omitted.

Specific structural and functional descriptions of embodi-
ments of the present disclosure disclosed in this specification
have been merely illustrated to describe the embodiments of
the present disclosure. The embodiments of the present dis-
closure may be implemented in various forms and should not
be construed as being limited to embodiments described in
this specification or application.

FIG. 1 is a block diagram of a data decoding apparatus 10
according to an embodiment of the present disclosure.

Referring to FIG. 1, the data decoding apparatus 10 may
include a host 100, a controller 200, and a memory device
300.

The host 100 transfers a command to the controller 200 so
that the controller 200 writes data into the memory device 300
or reads data from the memory device 300 and transfers the
read data to the host 100. In other words, the controller 200
accesses the memory device 300 based on a command trans-
ferred from the host 100 and performs an operation corre-
sponding to the command.

The host 100 may be coupled to the controller 200 through
a host interface (not shown). The host 100 and the controller
200 transmit and receive control commands, addresses, and
data signals through the host interface. In some embodiments,
the host interface may include a serial advanced technology



US 9,417,953 B2

3

attachment (ATA), a parallel ATA, a small computer system
interface (SCSI), and a peripheral component interconnect-
express (PCI-Express), but the present disclosure is not lim-
ited thereto.

The controller 200 provides data to be written into the
memory device 300 so that the data is stored in the memory
device 300. Furthermore, the controller 200 may receive data
read from the memory device 300 and provide the read data to
the host 100. As described above, the controller 200 may
provide data to be written into the memory device 300 or read
specific data from the memory device 300 in response to a
command from the host 100.

When data written in the memory device 300 is read again,
it is ideal that the read data is identical to the written data, but
the read data may not be identical to the written data. Accord-
ingly, it is necessary to determine whether data to be written
has been accurately written and whether read data is identical
to written data or not and to correct an error.

The data decoding apparatus according to an embodiment
of the present disclosure uses both hard and soft decision
decoding methods in checking an error of information read
from the memory device 300. In such a case, a bit error rate
(BER) curve may be improved because an error of bits deter-
mined to have an error through a hard decision decoding
method is improved through a soft decision decoding method.

FIG. 2 is a block diagram showing a relation between an
error correction device 250 and a memory cell array 350
included in the data decoding apparatus according to an
embodiment of the present disclosure.

Referring to FIG. 2, the data decoding apparatus 10 may
include the error correction device 250 and the memory cell
array 350. The error correction device 250 may be included in
the controller 200 or the memory device 300 of FIG. 1 or may
be independently implemented.

The error correction device 250 may receive write infor-
mation DIN and convert the write information DIN into write
data WD that is to be actually written into the memory cell
array 350. For example, the write data WD may include write
bits that are to be actually written into the memory cell array
350 and error correction code (e.g., parity bits) generated
based on the write bits.

The error correction device 250 may receive read data RD
from the memory cell array 350 and convert the read data RD
into read information DOUT. Like the write data WD, the
read data RD may include write bits read from a memory cell
and error correction code.

The error correction device 250 may determine whether an
error is present or not by comparing the error correction code,
actually included in the read data RD, with error correction
code generated from the write bits read from the read data RD,
correct the error, and provide the read information DOUT to
the controller 200 or the host 100. In another embodiment, the
error correction device 250 may determine whether an erroris
present or not by comparing the error correction code
included in the write data WD with the error correction code
included in the read data RD and correct the error. Alterna-
tively, the error correction device 250 may detect an error
based on only the read data RD.

The memory cell array 350 includes a plurality of rows, a
plurality of columns, and a plurality of memory cells coupled
to the intersections of the rows and the columns. The memory
cells may include volatile memory cells, non-volatile
memory cells, or both. In some embodiments, each of the
memory cells may store one or more data bits. For example,
in the case of a NAND flash memory cell included in a
non-volatile memory cell, one data bit is stored in one
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memory cell in a single level cell (SLC) method, or two or
more data bits are stored in one memory cell in a multi-level
cell (MLC) method.

In this specification, the memory cell array 350 may
include various elements for writing and reading data into and
from memory cells in addition to the memory cells. For
example, the memory cell array 350 may include a voltage
generator, a row decoder, a column decoder, a write and read
circuit and so on.

FIG. 3 is a block diagram of the error correction device 250
according to an embodiment of the present disclosure.

Referring to FIG. 3, the error correction device 250 may
include an encoder 251 and a decoder 253. The encoder 251
receives the write information DIN and generates the write
data WD that is to be written into a memory cell in accordance
with a predetermined encoding method. The write data WD
includes error correction code in addition to information that
is to be actually written.

The encoder 251 may generate the write data WD using
write bits that are to be actually written and error correction
code generated based on the write bits in accordance with an
encoding method. For example, the encoder 251 may gener-
ate the write data WD using turbo product code (TPC).

The decoder 253 may include a hard decision unit 2533, a
soft decision unit 2531, and an error correction unit 2535. The
decoder 253 determines whether or not an error is present in
the read data RD, corrects the error, and provides the read
information DOUT.

The hard decision unit 2533 determines whether or not an
error is present in the read data RD read from the memory cell
array 350 in accordance with a predetermined decoding
method. For example, the predetermined decoding method
may include a TPC method like the encoding method.

The hard decision unit 2533 determines whether or not an
error is present in each row and each column of the memory
cell array 350 in accordance with a TPC method and identifies
a row symbol and a column symbol in which an error has
occurred. The identified error position is provided to the soft
decision unit 2531 as an error occurrence position EADR.

The hard decision unit 2533 according to an embodiment
of'the present disclosure determines whether or not an error is
present in each row and each column independently, thereby
being capable of improving an error detection rate.

The soft decision unit 2531 reads data from memory cells,
indicated by an error occurrence position EADR, again using
a different read voltage. That is, the soft decision unit 2531
changes a read voltage Vread, applied to the memory cell
array 350 when the decoder 253 previously received the read
data RD from the memory cell array 350, and reads data using
the changed voltage.

The reason why a read voltage is changed and data is read
using the changed voltage is for checking a memory cell
whose data value is changed on the basis of the read voltage.
The change of a read voltage is described in detail later with
reference to FIG. 6.

Ifthere is a change of data as a result of reading data again
using a changed read voltage, the soft decision unit 2531
determines a corresponding memory cell to be a low reliabil-
ity cell and determines the position of the memory cell to be
a low reliability position.

The soft decision unit 2531 may identify a low reliability
position LR in the error occurrence position EADR by mak-
ing a soft decision decoding on the error occurrence position
EADR that has been determined to have an error by the hard
decision unit 2533.



US 9,417,953 B2

5

The error correction unit 2535 corrects an error of the read
data RD at the low reliability position IR and provides error
correction data CRD to the hard decision unit 2533 again.

The hard decision unit 2533 may determine whether or not
an error is present in the error correction data CRD again so
that the error correction unit 2535 corrects an error again
depending on whether an error has occurred or not. The hard
decision unit 2533 may also provide an error occurrence
position EADR to the soft decision unit 2531 so that the soft
decision unit 2531 determines whether or not an error is
present in accordance with a soft decision method if it is
determined that an error is present in error correction data
CRD in accordance with a hard decision method.

After such error correction is performed by a predeter-
mined number of times, the read information DOUT whose
error has been corrected is provided to the controller 200 or
the host 100.

The data decoding apparatus 10 according to an embodi-
ment of the present disclosure may improve decoding perfor-
mance because the hard decision unit 2533 primarily deter-
mines a memory cell having an error in accordance with a
hard decision method, and the soft decision unit 2531 finally
determines whether the memory cell has low reliability or not
in accordance with a soft decision method.

FIG. 4 is a block diagram of the hard decision unit 2533
according to an embodiment of the present disclosure.

Referring to FIG. 4, the hard decision unit 2533 may
include a syndrome generation unit 2533_1 and an error
position decision unit 2533_2.

The syndrome generation unit 2533_1 may obtain a syn-
drome SYN by dividing the received read data RD by a
primitive polynomial. Since the write data WD transmitted
through the encoder 251 is made up of only the product of
primitive polynomials, the remainder obtained by dividing
the read data RD by a primitive polynomial is generated as a
syndrome SYN.

The error position decision unit 2533_2 generates the error
occurrence position EADR by identifying a row symbol and
a column symbol in which an error has occurred by perform-
ing a Berlekamp Massey algorithm and a Chien search algo-
rithm on the syndrome SYN.

FIG. 5 is a conceptual diagram illustrating a method of
identifying an error occurrence position according to an
embodiment of the present disclosure.

FIG. 5 illustrates the identification of error occurrence
positions in relation to a plurality of memory cells that is
arranged in 8 rows and 8 columns. In FIG. 5, each region
indicated by rows and columns may physically correspond to
units in a plurality of rows and columns in accordance with
encoding and the decoding method. That is, each of error
occurrence regions shown in FIG. 5 may include a plurality of
memory cells.

The hard decision unit 2533 performs decoding on each
row and each column. As a result of the decoding, the decod-
ing has been illustrated as failed in the columns 3 and 6 and
the rows 2 and 7.

If a syndrome is generated for only one row and one col-
umn, an error of the row 7 cannot be corrected if it is deter-
mined that an error has occurred in the column 3. The same is
true of a row.

Accordingly, the hard decision unit 2533 according to an
embodiment of the present disclosure may determine that
errors have occurred in the row 2 xcolumn 3, the row 2
xcolumn 6, the row 7 xcolumn 3, and the row 7 xcolumn 6 and
generate the error occurrence positions by independently
generating syndromes for the plurality of rows and columns.
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Accordingly, more errors may be corrected and the time
taken to perform error correction may be reduced because
most of memory cells in which errors have occurred may be
checked through one decoding operation.

FIG. 61is a diagram illustrating a method of determining, by
the soft decision unit, a low reliability position according to
an embodiment of the present disclosure.

Referring to FIG. 6, a plurality of memory cells included in
the memory cell array 350 may have four states. Data of 2 bits
may be stored by setting a most significant bit (MSB) and a
least significant bit (LSB) in each of the four states.

The four states may be classified into an erase state Frase,
a first state PV1, a second state PV2, and a third state PV3 on
the basis of a value of a threshold voltage. The four states have
been classified on the basis of whether a transistor included in
a memory cell is turned on or off when voltage having a
specific value is applied as a read voltage.

For example, when a read voltage Vrl is applied, all cells
placed in the first state PV1, the second state PV2, and the
third state PV3 in which respective threshold voltages are
higher than the read voltage Vr1 are turned off, and only a cell
placed in the erase state Erase is turned on.

However, memory cells placed at boundary parts indicated
by dotted lines with the read voltages Vr1, V12, and Vr3 as the
centers may be determined to have different states from their
actual states. For example, a memory cell of the erase state
Erase in the boundary part may be determined to have the first
state PV1 and a memory cell of the second state PV2 in the
boundary part may be determined to have the third state PV3.

Whether a transistor is turned on or off in response to a read
voltage may be different depending on a shift of a threshold
voltage. For example, if electrons are injected into the floating
gate of a memory cell too much or too little, a threshold
voltage may become higher or lower than the original thresh-
old voltage. As aresult, a state different from an intended state
may be determined.

Accordingly, if the boundary of each state is widened, the
risk that a memory is differently determined is reduced
because the number of memory cells placed in a boundary
state is reduced. As a result, in order to secure data reliability,
it is important to secure a read margin. It is however not easy
to secure a read margin because an operation voltage is low-
ered as the size of an electronic device is reduced.

In the present disclosure, memory cells placed in a specific
voltage radius R with a read voltage as the center are deter-
mined to be low reliability cells. Reliability cannot be guar-
anteed because the memory cells placed in a specific voltage
radius R with a read voltage as the center are placed in a range
in which a threshold voltage may be determined to have two
states.

The boundary surface of each state is enlarged and shown
on the lower side of FIG. 6. In an ideal case, the states of cells
are classified using a read voltage R0 as a boundary.

For example, when a region A has been enlarged, ifthe read
voltage R0 is applied to memory cells, memory cells placed in
the erase state FErase are to be turned on, and memory cells
placed in the first state PV1 are to be turned off.

However, some of memory cells that are to be read as being
placed in the erase state Erase are turned of because they have
threshold voltages higher than the read voltage R0. Further-
more, some of memory cells that are to be read as being
placed in the first state PV1 are turned on because they have
threshold voltages lower than the read voltage R0.

The soft decision unit 2531 changes the read voltage RD
and reads data of memory cells placed in an error occurrence
position again using the read voltage R1. If data of the
memory cells is read using the read voltage R1, some of
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memory cells of the first state PV1 that were turned on when
reading data of the memory cells using the read voltage R0 are
turned off. Furthermore, some of memory cells of the erase
state Erase that were turned off when reading data of the
memory cells using the read voltage R0 are turned on.
Memory cells whose data bits are changed by changing a read
voltage as described above are determined to be low reliabil-
ity cells.

In accordance with another method, data of memory cells
placed in an error occurrence position are read again using the
read voltage R2. If data of the memory cells placed in the error
occurrence position is read using the read voltage R2, some of
memory cells of the first state PV1 that were turned off when
reading data of the memory cells using the read voltage R0 are
turned on. Furthermore, some of memory cells of the erase
state Frase that were turned on when reading data of the
memory cells using the read voltage R0 are turned off. Like-
wise, memory cells whose data bits are changed by changing
a read voltage as described above are determined to be low
reliability cells.

Like in regions B and C, if data of memory cells is read
while changing a read voltage, low reliability memory cells
placed at the boundaries of the read voltages Vr2 and Vr3 may
be determined.

Memory cells having the states placed in the boundary
regions indicated by dotted lines are determined to be low
reliability cells by changing a read voltage within a predeter-
mined radius and performing reading again. Accordingly, a
low reliability position that belongs to an error occurrence
position may be determined. In some embodiments, the num-
ber of memory cells including an error may be equal to or
greater than the number of low reliability cells.

Such a method is performed using a read voltage within a
specific range and may be based on a soft decision decoding
method. Accordingly, the data decoding apparatus according
to an embodiment of the present disclosure corrects an error
by making a soft decision decoding on memory cells deter-
mined to have an error in accordance with a hard decision
decoding method, thereby being capable of improving an
error improvement rate.

FIG. 7 is a block diagram ofthe soft decision unit 2531 and
the memory cell array 350 according to an embodiment of the
present disclosure.

Referring to FIG. 7, the soft decision unit 2531 may include
are-read control unit 2531_1 and a low reliability bit decision
unit 2531_2.

The re-read control unit 2531_1 may receive the error
occurrence position EADR from the hard decision unit 2533,
generate a re-read control signal ERCON, and provide the
re-read control signal ERCON to the memory cell array 350.
The re-read control signal ERCON enables the memory cell
array 350 to read data at the error occurrence position EADR
using a different read voltage so that re-read data RRD is
received from the memory cell array 350.

As described above with reference to FIG. 6, the re-read
control signal ERCON controls the memory cell array 350 so
that it read data again based on a read voltage that has been
changed from a read voltage, first used to the read data RD by
the hard decision unit 2533, by a predetermined amount.

For example, if the read data RD has been read based on the
read voltage R0, the re-read control unit 2531_1 controls the
memory cell array 350 so that it reads data again based on the
read voltage R1 or the read voltage R2. In such a case, the
predetermined amount may correspond to R/2.

In some embodiments, in the case where a read voltage has
been changed from an actual read voltage (e.g., R0 in FIG. 6)
that is a basis for the read data RD by a small amount,
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reliability of data changed by such a read voltage may be
determined to be low that much. As a result, reliability of a
memory cell may be proportion to the amount of a changed
read voltage.

The low reliability bit decision unit 2531_2 determines a
bit that has been flipped by comparing the re-read data RRD,
received from the memory cell array 350, with the existing
read data RD. The flip in the bit may mean that a state has been
changed by a change of a read voltage, and the state is placed
in the boundary region of FIG. 6.

The low reliability bit decision unit 2531_2 determines a
low reliability cell and transfers the low reliability position IR
of'the low reliability cell to the error correction unit 2535. In
some embodiments, the number of memory cells included in
the low reliability position IR may be equal to or smaller than
the number of memory cells included in the error occurrence
position EADR.

In some embodiments, each of memory cells included in
the memory cell array 350 may store one or more bits. A low
reliability cell may mean that a bit flip has occurred in at least
one bitof a corresponding cell. Furthermore, if a memory cell
includes a plurality of bits, it may be determined which bit is
changed depending on a read voltage. Accordingly, the low
reliability position IR may include information regarding that
what bit of the low reliability cell has low reliability in addi-
tion to the position of the low reliability cell.

The error correction unit 2535 may correct an error of the
read data RD from a memory cell at the low reliability posi-
tion IR and provide the corrected data to the hard decision unit
2533 as corrected read data CRD.

In some embodiments, the error correction unit 2535 may
generate corrected read data CRD by flipping at least one bit
of the read data RD stored in memory cells that are deter-
mined to be low reliability cells. In some embodiments, the
error correction unit 2535 may generate corrected read data
CRD by flipping a bit determined to be a low reliability bit, of
a plurality of bits of memory cells determined to be low
reliability cells.

In the data decoding apparatus 10 according to an embodi-
ment of the present disclosure, the hard decision unit 2533
may determine whether or not an error is present in the cor-
rected read data CRD through TPC decoding, and the soft
decision unit 2531 may make a soft decision decoding again
while changing a read voltage based on whether an error is
present or not.

In other embodiments, if a TPC decoding failure is gener-
ated in the hard decision unit 2533 the error correction unit
2535 may correct an error based on the TPC decoding failure.

As described above, a determination of whether an error is
present in the error correction data CRD generated after re-
reading may be selectively made by the hard decision unit
2533 and the soft decision unit 2531. After a determination of
whether or not an error is present and an error correction
process are repeatedly performed, the entire decoding opera-
tion may be terminated.

The repetitive determination of whether or not an error is
present and the repetitive error correction process may be
performed by a predetermined number of times. The prede-
termined number of times may be set by the controller 200 or
the host 100.

FIG. 8 is a flowchart illustrating a data decoding method
according to an embodiment of the present disclosure.

The data decoding method according to an embodiment of
the present disclosure is described below with reference to
FIGS.1t0 8.

The error correction device 250 reads data from the
memory cell array 350 at step S810. The error correction
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device 250 may read data at a specific position of the memory
cell array 350 based on an address received from the control-
ler 200.

The hard decision unit 2533 determines whether or not an
error is present in the received read data RD at step S820. The
hard decision unit 2533 may determine whether or not an
error is present in the read data RD and identify an error
occurrence position in accordance with a predetermined
decoding method.

As described above with reference to FIG. 4, the hard
decision unit 2533 may generate a syndrome SYN and deter-
mine whether or not an error is present in the read data RD in
accordance with a TPC decoding method and identify the
error occurrence position based on the generated syndrome
SYN.

If decoding is successtul (Yes, S830), the decoding is ter-
minated because an error has not occurred in a corresponding
memory cell.

If the decoding is unsuccessful (No, S830), the soft deci-
sion unit 2531 reads data from the corresponding memory
cell again based on the error occurrence position EADR at
step S840. More particularly, as described above with refer-
ence to FIGS. 6 and 7, the soft decision unit 2531 changes a
read voltage by a predetermined amount and reads data from
the memory cell array 350 again.

The soft decision unit 2531 determines a low reliability
position IR that belongs to the error occurrence position
depending on whether a bit of the re-read data RDD is flipped
or not at step S850.

The error correction unit 2535 generates error correction
data CRD by flipping one or more bits at the low reliability
position IR that belong to the read data RD at step S860.

The error correction data CRD is provided to the hard
decision unit 2533 again, and steps S820 to S860 may be
repeated.

In some embodiments, such steps may be repeated by a
predetermined number of times. In other embodiments, data
has been corrected once through the hard decision unit 2533
and the soft decision unit 2531 may be determined more in
accordance with only a hard decision decoding method.

The apparatus and method for decoding data according to
an embodiment of the present disclosure may determine
whether or not an error is present in each row and each column
independently in accordance with a hard decision decoding
method and determine a bit having low reliability in accor-
dance with a soft decision decoding method in relation to a
position where an error has occurred. Accordingly, a bit error
rate may be reduced by correcting an error determined
through a hard decision decoding method and a soft decision
decoding method.

Furthermore, the apparatus and method for decoding data
according to the embodiments of the present disclosure may
improve decoding performance using soft decision decoding
method that may supplement a hard decision decoding
method that uses a TPC method.

The apparatus and method for decoding data according to
the embodiments of the present disclosure may significantly
reduce a data error rate by correcting a data error using both
a hard decision decoding method and a soft decision decoding
method.

The apparatus and method for decoding data according to
the embodiments of the present disclosure may correct more
data errors by correcting an error of data stored in a plurality
of cells.

While certain embodiments have been described above, it
will be understood to those skilled in the art that the embodi-
ments described are by way of example only. Accordingly, the
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apparatus and method described herein should not be limited
based on the described embodiments. Rather, the apparatus
described herein should only be limited in light of the claims
that follow.

What is claimed is:

1. A data decoding apparatus, comprising:

a first decision unit configured to determine whether or not
an error is present in a read data based on a first decoding
method and identify an error occurrence position by
independently generating syndromes for a plurality of
rows and columns of a plurality of memory cells,
wherein the read data is read by a first read voltage;

a second decision unit configured to determine a low reli-
ability position that belongs to the error occurrence posi-
tion by checking reliability of the error occurrence posi-
tion based on a second read voltage changed from the
first read voltage within a set range; and

an error correction unit configured to generate an error
correction data by correcting an error of the low reliabil-
ity position.

2. The data decoding apparatus of claim 1, wherein the first
decision unit determines whether an error is present in the
error correction data received from the error correction unit
based on the first decoding method.

3. The data decoding apparatus of claim 1, wherein the
second decision unit re-reads data of memory cells in the error
row and error column included in the error occurrence posi-
tion while changing the second read voltage within the set
range and determines the low reliability position by compar-
ing a re-read data with the read data.

4. The data decoding apparatus of claim 1, wherein the
error correction unit inverts bits included in the read data at
the low reliability position and provides the error correction
data to the first decision unit.

5. The data decoding apparatus of claim 1, wherein the read
data comprises write bits and parity bits.

6. The data decoding apparatus of claim 5, further com-
prising:

a host configured to provide the write bits to be written into

a set position of the memory cells.

7. The data decoding apparatus of claim 5, further com-
prising:

an encoder configured to generate the parity bits to be
written into the memory cells based on the write bits.

8. The data decoding apparatus of claim 1, wherein the
plurality of cells comprises non-volatile memory cells.

9. A data decoding method, comprising:

determining whether or not an error is present in a data and
identifying an error occurrence position based on a first
decoding method, wherein the data is read by a first read
voltage;

determining a low reliability position that belongs to the
error occurrence position by reading data at the error
occurrence position using a second read voltage
changed from the first read voltage; and

generating an error correction data by correcting an error of
the low reliability position,

wherein the determining and identifying comprises:
independently generating syndromes for a plurality of

rows and a plurality of columns, wherein a plurality of
memory cells are disposed in regions where the plu-
rality of rows intersects the plurality of columns; and
identifying a row symbol and a column symbol of the
error occurrence position based on the syndrome.
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10. The data decoding method of claim 9, further compris-
ing:

repeating at least one of the determining and identifying

and the determining of the low reliability position on the
error correction data.

11. The data decoding method of claim 10, wherein the
identifying of the row symbol and the column symbol of the
error occurrence position based on the syndrome is per-
formed using Berlekamp Massey algorithm and a Chien
search algorithm.

12. The data decoding method of claim 10, wherein the
determining of the low reliability position comprises:

reading the data at the error occurrence position from a

corresponding memory cell of the plurality of memory

cells while changing the second read voltage; and
determining a position of the read data to be the low reli-

ability position if a data flip is generated in the read data.

13. The data decoding method of claim 9, wherein the
generating of the error correction data comprises:

inverting bits of the read data at the low reliability position.

14. The data decoding method of claim 9, wherein the data
comprises write bits and parity bits.

15. The data decoding method of claim 14, wherein the
determining and identifying determines that the error is
present if written parity bits are different from read parity bits.
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16. A data decoding apparatus, comprising:

a plurality of memory cells arranged in rows and columns;

afirst decision unit configured to check first read data of the
memory cells in each of the rows and columns and
determining error memory cells having an error by inde-
pendently generating syndromes for the each ofthe rows
and columns;

a second decision unit configured to re-check second read
data of the error memory cells and determining a low
reliability memory cell of the error memory cells,
wherein the second read data is read by a different volt-
age from a voltage by which the first read data is read;
and

an error correction unit configured to generate an error
correction data by correcting a data of the low reliability
memory cell.

17. The data decoding apparatus of claim 16, wherein the

low reliability memory cell is determined where the second

>0 read data is different from the first read data.

18. The data decoding apparatus of claim 16, wherein at
least one of the first decision unit and the second decision unit
repeatedly check the low reliability memory cell.
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